Abstract This study investigates the influence of knowledge on opinions about climate change in the emerging adults' age group (16-17 years). Furthermore, the effects of a lecture in climate change science on knowledge and opinions were assessed. A survey was conducted in Austria and Denmark on 188 students in national and international schools before and after a lecture in climate change science. The results show that knowledge about climate change science significantly affects opinions about climate change. Students with a higher number of correct answers are more likely to have the opinion that humans are causing climate change and that both individuals and governments are responsible for addressing climate change. The lecture in climate change science significantly improved knowledge development but did not affect opinions. Knowledge was improved by 11 % after the lecture. However, the percentage of correct answers was still below 60 % indicating an urgent need for improving climate change science education.
INTRODUCTION
All who have meditated on the art of governing mankind have been convinced that the fate of empires depends on the education of youth-Aristotle.
Within the first decade of the new millennium, it has become increasingly clearer that anthropogenic emissions from the burning of fossil fuels are having a detrimental effect on our Earth's climate (Solomon et al. 2007) which is, in turn, impacting ecosystems; threatening both their intrinsic value and their services to humans. There is a need for a global imperative to address the causes of anthropogenic climate change which will involve regulation and management at both the international/national governance level (top-down) and at the domestic/regional level (bottom-up) (Adger et al. 2011; Naustdalslid 2011) .
Individuals play an important role in driving climate change policy and the attitudes, openness and ''information available to individuals'' all shape climate change policy implementation (Tjernström and Tietenberg 2008) . Much of the information made available to the general public, however, is derived from non-scientific, subjective sources such as the internet, popular press, and interpersonal communication (McBean and Hengeveld 2000) . In addition, media coverage of climate change repeatedly fails to distinguish between scientific debate about significance of findings over the details of those findings. As a result, there is considerable misunderstanding in the general populace about the causes and effects of climate change. Many studies have been undertaken to determine lay-people's concern and perceived risk of climate change (Lorenzoni and Pidgeon 2006) as well as their knowledge or opinion on climate change (Pruneau et al. 2001 ). The findings of these studies indicate that there is confusion over drivers of climate change such as ''ozone depletion'' being synonymous with climate change and confusion over how the greenhouse effect operates. Overall, these studies have largely concentrated on simple drivers of climate change and to assess where knowledge deficits and misconceptions lie rather than to determine where we stand now in terms of Electronic supplementary material The online version of this article (doi:10.1007/s13280-013-0388-4) contains supplementary material, which is available to authorized users. scientific knowledge or to assess if knowledge can be improved and how this relates to opinion. As the principle objective at the present time in raising awareness of climate change science is to promote policy development and social engagement, there is a need to investigate how opinion correlates to an individual's understanding of climate science or whether his/her opinion is influenced by other factors. According to Sunstein (2006) , knowledge of a certain topic will enhance an individual's concern with this topic and according to Tjernström and Tietenberg (2008) , unfamiliarity with climate change science is the single largest factor accounting for an individual's motivation to feel concerned about climate change. By utilizing formal education environments, we have an opportunity to assess where the current baseline of climate change science understanding is and how it can be influenced. More specifically, we also have the opportunity to assess a group of individuals who are poised to begin exercising their knowledge and opinion and their political will as they enter society-namely 16-to 17-year-old high school students. A formal education environment is an ideal community to investigate as it promotes collective learning through the group dynamic. In addition, assuming there is a relationship between knowledge and behavior (Yencken et al. 2000) , we can investigate if opinion can be influenced through increased knowledge. Many studies have been undertaken in formal learning environments to assess background knowledge of climate change prior to instruction (Andersson and Wallin 2000; Boyes et al. 2004 ) and post-instruction (Rye et al. 1997; Venville and Dawson 2010) . Both groups of studies (students and general public) investigate opinion and perceptions of climate change but few have addressed the relationship between scientific understanding of climate science and the individual opinion/belief system and whether climate science understanding can be improved from pre-instruction to postinstruction. With most developed nations offering state (national) and international schools and, therefore different agendas for their curricula, it seems prudent to investigate if these differences in agendas translate into different pedagogical outcomes as a reference point for developing better teaching and learning material.
OBJECTIVES AND HYPOTHESES
The objective of the study is to investigate the opinions and level of knowledge about climate change science in high school students from the emerging adults' age group, and to investigate how their opinions and knowledge is affected by a lecture in climate change science. The first hypothesis is that there is an effect of prior knowledge on student's opinions about climate change. The second hypothesis is that there is an effect of a lecture in climate change science on the development of student's knowledge about climate change science. Finally, the third hypothesis is that there is an effect of a lecture in climate change science on the development of student's opinions about climate change science. In addition, we examine the effect of country, school, specialization, and gender on the opinions and knowledge development.
MATERIALS AND METHODS
To test the three hypotheses, a questionnaire was created and given to high school students in four classes at four different schools before and after a lecture in climate change science in two countries.
Schools and Students
Schools were selected based on their language of instruction. Two international schools were selected-one in Austria and one in Denmark. Both international schools form part of the International Baccalaureate (IB) program and follow the same curriculum platform as defined by the IB qualifying board with their ''language of instruction'' being English by native English speakers. Two national schools were selected-one in Austria and one in Denmark. Both National schools have their mother tongue as the ''language of instruction'' (i.e., German in the Austrian school, Danish in the Danish school) but offer a comprehensive English-language course for all grades.
The students were all 16-17 years old and 1 year short of final matriculation. The students selected specializations based on their individual matriculation program and were sorted in five categories based on their specialization: Arts, Economics, Humanities, Mathematics, and Sciences. Approximately 361 students took part in the study; a total of 188 students were then eligible for final analysis.
Questionnaires
The questionnaire was composed of 36 items (Electronic Supplementary Material). In the first three items, the students were asked to put in an anonymous tracking code, their gender and specialization for their final year. Following this, the next four items were multiple-choice questions pertaining to their personal opinion in relation to climate change.
The next 28 items were multiple-choice questions and related to knowledge about socio-scientific aspects of climate change with four options to answer but only one correct answer, e.g., ''Q11: What is the most abundant Greenhouse Gas? A: H 2 O.' ' Two questions (Q13 and Q14) were removed from final analysis due to potential misunderstanding, leaving 26 questions for comparative analysis.
The last item was an open-ended question allowing students to write a comment or ask questions about climate change issues.
The questionnaire was approved for scientific content by two leading climate experts and was approved by a pedagogic specialist before being used in this study.
The students were told that the questionnaire was not a test, but a part of a research program to assess their background knowledge of climate change. All surveys were supervised and had to be completed within a 45-min time period to prevent students exchanging information or to acquire the information from elsewhere, e.g., Google, school library etc. The questionnaire was offered either on an online survey platform or on printed paper.
The students were not informed about the follow-up questionnaire during any part of the first questionnaire period or the lecture to ensure their ''natural retention'' of knowledge was not influenced by more pronounced concentration to perform better in the follow-up questionnaire. The follow-up questionnaire was given within approximately 1 month of the lecture. The questionnaires were distributed and collected in the period from early March 2011 until late June 2011. The formulation of the questionnaire did not address the complexity of the opinions in themselves but sought to determine the broader perspective of the student, e.g., opinions on responsibility (government and individuals) investigated where students felt the responsibility lay. These were formulated to aid as a reference point for further, and more thorough, investigations of actors, information, and levels in the realm of these four simplified opinions.
Respondents were eliminated if they only completed one questionnaire, failed to fully complete either the questionnaire or wrote an incorrect identification code.
Teaching Method
The teaching method used in this study was a lecture based on a Power Point presentation with 71 slides covering: -basic climate change science clearly differentiating between natural and anthropogenic climate change (48 slides) -best-studied impacts of climate change (12) -human evidence of climate change (2) -current socio-political status of global agreement -a list of ''green jobs'' -an appeal to students to consider their role in the future of climate change mitigation
The power point was visual with simple animations and diagrams demonstrating how climate change operates within the atmosphere. Each lecture was allotted 45 min for narration, allowing approximately 30-40 s for each slide to be shown. After the lecture students continued their usual courses within their respective disciplines.
Selection of Teachers
M.Sc. students with high to excellent understanding of climate change science were chosen to give the climate change science lecture as (1) they were external to the mainstream school system, (2) they were better educated to communicate the latest knowledge of climate change science, and (3) they were better able to communicate in the language of instruction native to the school they would give the lectures at. None of these tertiary-level experts were trained in any pedagogical discipline.
Statistical Analysis
Prior to the actual statistical analysis the dataset was tested for normality using the PROC UNIVARIATE procedure of SAS (version 9.2, SAS Institute Inc., Cary, NC), and the explanatory variables country, school, specialization, and gender were tested for multicollinearity by transforming them into dummy variables and selecting the TOL, VIF, and COLLIN options in the PROC REG procedure of SAS. These tests showed that data followed a normal distribution and had no signs of multicollinearity.
The effects of knowledge, country, school, specialization, and gender on opinions about climate change were analyzed with logistic regression and expressed in terms of odds ratios (OR) using the PROC LOGISTICS procedure of SAS, first in an unadjusted model only taking account of each of the explanatory variables in themselves, and second in a fully adjusted model taking account of all explanatory variables.
The effects of the lecture (before vs. after), country, school, specialization, and gender on the knowledge about climate change was analyzed using the PROC MIXED procedure of SAS with the intercept as the random factor and the individual student as the subject. Only significant main effects and interactions were included in the model. LS means and LSD values were calculated to allow pairwise comparisons.
Finally, the effects of the lecture on the opinions about climate change (change in opinions before vs. after) were analyzed with logistic regression using the PROC LOGISTICS procedure of SAS.
RESULTS
Effect of Knowledge, Country, School, Specialization, and Gender on Opinions About Climate Change
Effects on Opinion that Climate Change is a Threat
In total, 127 students, corresponding to 68 % of the students, have the opinion that climate change is a threat. The results of the statistical analysis using unadjusted logistic regression shows no effects of prior knowledge and gender on the opinion that climate change is a threat, but students in Austria (OR 0.32; P\0.01) and students in international schools (OR 0.23; P\0.001) are less likely to have the opinion that climate change is a threat compared with students in Denmark and students in national schools (see Table 1 ). Furthermore, students specializing in Economics (OR 0.28; P\0.05) and Sciences (OR 0.25; P\0.01) seems less likely to have the opinion that climate change is a threat compared with students specializing in Arts. However, when the statistical model is adjusted for knowledge, country, school, specialization, and gender the likelihood that students in Austria (OR 0.38; P\0.05) and students in international schools (OR 0.27; P\0.01) have the opinion that climate change is a threat is increased slightly, and students specializing in Mathematics (OR 0.19; P\0.05) and Sciences (0.38; P\0.05) are the ones less likely to have the opinion that climate change is a threat.
Effects on Opinion that Climate Change is Caused by Humans
In total, 148 students, corresponding to 79 % of the students, have the opinion that climate change is caused by humans. The results of the statistical analysis using unadjusted logistic regression show no effect of prior knowledge on the opinion that climate change is caused by human, but students in Austria (OR 0.31; P\0.01) and students in international schools (OR 0.25; P\0.01) are less likely to have the opinion that climate change is caused by humans compared with students in Denmark and students in national schools (see Table 2 ). Furthermore, students specializing in Sciences (OR 0.26; P\0.01) are less likely to have the opinion that climate change is caused by humans compared with students specializing in Arts and male students (OR 0.48; P\0.05) are less likely to share this opinion than female students. However, when the statistical model is adjusted for knowledge, country, school, specialization, and gender, prior knowledge is affecting the opinion that climate change is caused by humans (OR 1.14 per correct question; P\0.05), and the likelihood that students in Austria (OR 0.33; P\0.05) and students in international schools (OR 0.28; P\0.05) have the opinion that climate change is caused by humans is increased slightly. Furthermore, students specializing in Sciences and males are no longer less likely to have the opinion that climate change is caused by humans. 
Effects on Opinion that Climate Change is Happening Now
In total, 173 students, corresponding to 92 % of the students, have the opinion that climate change is happening now. The results of the statistical analysis using unadjusted logistic regression shows no effect of prior knowledge, country, school, specialization, or gender on the opinion that climate change is happening now (see Table 3 ). The results of the statistical model adjusted for knowledge, country, school, specialization, and gender, prior knowledge also show there is no effect of these parameters on the opinion that climate change is happening now.
Effects on Opinion that Climate Change is the Responsibility of Individuals and Governments
In total, 147 students, corresponding to 78 % of the students, have the opinion that climate change is the responsibility of individuals and governments. The results of the statistical analysis using unadjusted logistic regression show no effect of prior knowledge or specialization on the opinion that climate change is the responsibility of both individuals and governments, but students in Austria (OR 0.30; P\0.01) and students in international schools (OR 0.35; P\0.05) are less likely to have the opinion that climate change is the responsibility of both individuals and governments compared with students in Denmark and students in national schools (see Table 4 ). Furthermore, male students (OR 0.39; P\0.05) are less likely to have the opinion that climate change is the responsibility of both individuals and governments compared with female students. However, when the statistical model is adjusted for knowledge, country, school, specialization, and gender, prior knowledge is affecting the opinion that climate change is the responsibility of both individuals and governments (OR 1.14 per correct question; P\0.05), and the likelihood that students in Austria (OR 0.32; P\0.05) and students in international schools (OR 0.36; P\0.05) have the opinion that climate change is the responsibility of both individuals and governments is increased slightly. Furthermore, the likelihood of male students (OR 0.31; P\0.01) having the opinion that climate change is both the responsibility of individuals and governments and gender is reduced slightly.
Effect of Teaching, Country, School, Specialization, and Gender on Knowledge About Climate Change
The results of the statistical analysis show significant main effects of survey and school, and significant interactions for survey 9 country and survey 9 school. Furthermore, there was also a significant main effect of specialization when gender was excluded from the model and vice versa. Therefore, results are presented both for the analysis using a model adjusted for specialization and for the analysis using a model adjusted for gender (see Table 5 ). The mean percentage of correct answers about climate change science increased from 48.5 % before the lecture to 59.4 % after the lecture when the model was adjusted for specialization (P\0.001), and from 47.3 to 58.3 % when the model was adjusted for gender (P\0.001). There was no significant effect of country on the percentage of correct answers when adjusted for either specialization or gender.
There was a significant effect of school on the percentage of correct answers with national schools scoring 57.1 % over international schools scoring 50.8 % (P\0.01) when adjusted for specialization, and 55.5 % over 50.1 % when adjusting for gender (P\0.01).
When adjusted for specialization and excluding the effect of gender there was a significant effect of specialization on the percentage of correct answers. Compared with students specializing in Arts who scored 47.6 %, students specializing in Mathematics scored 57.9 % (P\0.01), students specializing in Sciences scored 55.6 % (P\0.01), students specializing in Economics scored 55.0 % (P\0.05), and students specializing in Humanities scored 53.7 % (P\0.05). When adjusted for gender and excluding the effect of specialization, there was a significant effect of gender on the percentage of correct answers. Males scored 55.6 % and had a significantly higher score than females who scored 50.1 % (P\0.05).
The performance of students in Denmark (P\0.001) and Austria (P\0.001) was improved with 8.4 and 13.4 %, respectively, after the lecture when adjusted for specialization, and with 8.5 and 13.5 % when adjusted for gender. No country performed better than the other country either before or after the lecture but students in Austria generally showed a greater improvement in the survey after taking the lecture than students in Denmark (P\0.05). Both national (P\0.001) and international schools (P\0.01) improved performance after the lecture by 16.9 and 4.9 %, respectively, when adjusted for specialization, and by 17.1 and 5.0 % when adjusted for gender. There was no difference in performance between national and international schools before the lecture. However, after the lecture national schools with a score of 65.5 % performed better compared to international schools with a score of 53.2 % when adjusted for specialization (P\0.001), and with 64.11 % compared to 52.6 % when adjusted for gender (P\0.001). 
Effect of Teaching on Opinions About Climate Change
There was no significant change in any of the opinions about climate change after the lecture compared with before the lecture.
DISCUSSION Opinions
This study confirms the hypothesis that prior knowledge about climate change science in the emerging adult age group affects opinions about climate change. Students with a higher number of correct answers are more likely to have the opinion that humans are causing climate change and that both individuals and governments are responsible for addressing the challenges of climate change mitigation and adaptation. Our study confirms the results by Bord and O'Connor (1997) and further supports the assumption that knowledge is a significant motivator of behavioral change which is a precursor to the development of policy aimed at climate change mitigation and adaptation. Broad understanding and information-sharing can lead to significant public opinion cultivation as was observed in the early 1960s with the release of Rachel Carson's ''Silent Spring'' (Carson 1962) . According to Cameron (2002) , opinions are altered as new material becomes available as per the Bayesian inference method, which forms a strong argument for enhancing knowledge and climate change science understanding. A study by Kempton (1993) found a strong relationship of opinion to action for other environmental problems (waste, ozone depletion) but noted that there were barriers to effective action against anthropogenic climate change as a result of poor understanding and knowledge of climate change science. In addition, Hines et al. (2010) propose that a model of predictors associated with pro-environmental behavior include ''knowledge of issues'' as a variable but charge that behavioral changes are highly complex and interactive. As knowledge about climate change science affects opinions about climate change, we could expect that knowledge acts as a driver for climate change policy development through the expression of proenvironmental constituents. Improving knowledge could therefore be an important factor toward opinion cultivation, effective policy development, and social engagement toward climate change adaptation and mitigation. Our study has also indicated that opinions about climate change are affected by country, school, gender, and specialization. It appears that students in Austria are less likely to have the opinion that climate change is a threat, is caused by humans and that both individuals and governments are responsible for addressing the challenges of climate change mitigation and adaptation. The disposition of Danish students to support Climate Change tenets may be explained, according to Laessøe et al. (2009) , by the curriculum in many Danish schools to enhance ''developing pupils competencies as citizens in society.'' This concept of ''action competence,'' as defined by the Royal Danish School of Educational Studies (Rauch 2002) has underpinned the development of environmental education in Denmark and, in addition, provided a framework for environmental education reform in other nations, as well. In addition to country, the type of school a student attends also appears to affect opinions about climate change. From our study, national schools are more likely to have the opinion that humans are causing climate change and that both individuals and governments are responsible for addressing the challenges of climate change mitigation and adaptation. Furthermore, national schools were more likely to see climate change as a threat and caused by humans than international schools. Our study suggests that the student's specialization affects opinions about climate change. Students specializing in Mathematics and Sciences are less likely to have the opinion that climate change is a threat than students specializing in Arts. Gender, too, appears to have an effect on opinion related to climate change. Males are less likely than females to hold the opinion that both individuals and governments are responsible for addressing the challenges of climate change mitigation and adaptation. McCright (2010) also observed gender differences in knowledge and opinion in relation to climate change which could not, according to this research, be explained by gender-stereotypical social factors. Females have been shown to be more empathetic than males (Hoffman 1977) which arises, according to Hoffman, from a ''pro-social affective orientation'' which explain differences in opinion. In addition, the biological future of females and their biological/natural construction (Agarwal 1992 )-menstruation, pregnancy, child-birthing, and rearing-provides them with a temporal context to develop concerns about the future in contrast to males who, biologically at least, do not have the physical ''connectedness'' to their biological future. Other studies also show that females tend to be more inclined to support green issues than males (Bord and O'Connor 1997) although this effect may be reduced by increasing the perception of risk for both males and females. Alternatively, it could also suggest that males regard climate change as a governance issue rather than a domestic or personal one.
Knowledge Development
This study confirms the hypothesis that knowledge about climate change science can be improved in a formal education environment. Overall, students improved their performance by 11 % in the survey taken after the lecture. This can be viewed as an acceptable result in terms of knowledge development for one subject; however, when we consider that the knowledge prior to the lecture was not very high (48.5 %), this improvement is small and, in terms of climate change, not enough to ensure the paradigm shift our society urgently needs. Lack of student interest in the topic could explain the relatively poor performance; particularly as students in this age group are undergoing puberty and are being exposed to a larger social environment. Desensitization of the issues associated with climate change may have arisen from the over-exposure of the topic in the media and through school-run initiatives which may have reduced the student's interest in the lecture. In spite of this, the need for social engagement remains tantamount to climate change policy development-and lack or interest or desensitization to the topic are irrelevant in context with the projected impacts and anticipated threat of climate change. It is untenable, therefore, in light of these threats that educators in structured learning environments such as schools and universities continue to ignore the need for effective dissemination of climate change science. From this study, it is clear that the potential for knowledge development in this age group is great and has considerable social consequences if, as a society, we choose to employ this as an avenue to promote behavioral change and drive policy.
Our study suggests that country, school, specialization, and/or gender has an effect on knowledge development. From the outset, neither country had a stronger ''background knowledge'' than the other. However, as anticipated, both Austria and Denmark improved their performance between the first and second survey after the students were given a lecture on basic climate change science which provided the students with the answers to the questions. Students in Austria generally showed a greater improvement in the survey after taking the lecture than students in Denmark. This result is somewhat surprising in view of the stronger opinion results from Denmark and, therefore, requires further investigation with a larger respondent group than provided in this study. Our study shows that the type of school has an effect on knowledge development. Unsurprisingly, both national and international schools improved performance after the lecture. There was no difference in performance between national and international schools before the lecture but national schools performed better after the lecture than international schools. This study shows that either specialization or gender has an effect on knowledge about climate change science but due to their correlation we are not able to determine whether students specializing in Arts perform worse than the other students because they are predominantly female (80 %) or whether female students perform worse than male students because most of them are specializing in Arts (47 %).
Development of Opinion
Our results showed that there was no effect of the lecture on the development of any of the opinions. This result was not altogether unexpected as students who hold the opinion that climate change is not a threat, is not caused by humans, is not happening now or find the concept of responsibility irrelevant are probably unlikely to change their opinion within a 4-week time frame. As opinions take time to cultivate and are shaped by many influences, it is naïve to think a lecture of 45 min will miraculously reverse those opinions. A study by Bradley et al. (1999) indicates that attitudes related to environmental issues can be influenced by improving knowledge following a 10-day environmental science course and further investigation incorporating more precise instruction over a longer time period would enhance understanding with regard to opinion cultivation.
Where Do We Go From Here?
Assuming this study is indicative of the emerging adult demographic in these countries and schools, the most astonishing outcome of this study is the overall lack of scientific understanding of climate change science in this age group and in this part of the world. This is bewildering when we consider both the enormity of the threat climate change presents as well as the fact that the climate change agenda has been a major topic for social discourse in Europe for more than 25 years (Weingart et al. 2000) .
The traditional methods of knowledge development in formal education institutions are not sufficient for teaching climate change (Fortner 2001; Hobson 2001) and are not, due to the socio-scientific nature of the climate change issue (Zoller 2012 ) adequately formulated to encourage rational opinion cultivation. Clearly, the rationale for teaching climate change science in a modern classroom is to ensure we have a dynamic society fully conversant with the science of climate change in order that we can adequately develop policy and ensure effective governance. Our children are not taught critical thinking in their formal learning environment and are not encouraged to experience or consider scientific concepts in novel and creative ways which could enhance their understanding and opinion cultivation (Robinson 2001 (Robinson , 2011 Simons and Hicks 2006) .
As a discipline, climate change science is not strictly a natural science discipline as it involves many other disciplines and stakeholders and, therefore, requires the addition of a teaching method that adequately encompasses these factors. A possible remedy for this would be to incorporate the socio-scientific method as it incorporates all aspects of climate change into the climate science discipline and this is highly useful in the cultivation of opinion. With this method, opinions and assessments backed by inquiry and investigation are preferred to ''closed questions'' with one answer. Of course, for the socio-scientific method to be effective, students need to be sufficiently conversant in basic science to engage in reasoned and rational discussion (Lewis and Leach 2006) .
However we intend to achieve a society that is conversant with the science behind climate change, cultivating a basis for critical evaluation to form opinions has never been as relevant as it is today. Our opinions are based on our past experiences and how we have developed over time. The opinion on climate change is, however, who and how we are going to be and this opinion, purely by its construction, is an opinion that is still waiting to happenand is reflected in the science which is based almost entirely on projections and models that predict future impacts. To properly cultivate an opinion for something that will take place in the future, we need to apply objective and analytical consideration to best-assess the options so that we are able to make an informed and constructive opinion and choice. Therefore, opinion on climate change must correspond to the temporal relation of the subject itself and be based on critical analysis of those future and evolving ''realities.'' The distinction between these pastand future-dependent opinions may be key in steering today's youth toward a more critical and analytical assessment of their ''opinions.'' Without expecting our students to cultivate a more thorough socio-scientific background and if we continue to ignore the need for teaching critical thinking in our youth, opinion remains in the realm of ignorance and will propagate poor policy, greater misinformation and stronger divides among the various factions.
CONCLUSION
This study shows that the majority of students in the emerging adults' age group in these countries and schools have the opinion that climate change is a threat, is caused by humans, is happening now, and is the responsibility of both individuals and governments. There is, according to these findings, a clear signal of apathy and inadequate understanding in this demographic. Increasing the level of knowledge in this demographic to better reflect the scientific consensus on climate change should be given highest priority by academic administrators and both regional and national governors. Our study shows that knowledge about climate change increases the likelihood of having the opinion that climate change is caused by humans and is the responsibility of both individuals and governments, and that knowledge can be improved by a lecture in climate change science. However, even though the lecture improved knowledge development, the percentage of correct answers after the lecture was still below 60 %, and, by examining the student's knowledge strengths and weaknesses, it was established that, whereas students had a reasonable good understanding of terms and definitions, the deeper understanding of climate change science remained poor. Undoubtedly, more research needs to be done with a larger student body, over a longer period of time and across a broader range of ages to more precisely understand the interactions and complexities inhibiting effective understanding and knowledge development. Future investigations into effects of teaching on knowledge and opinion development should include control groups to ensure results support the findings as robustly as possible.
From this study, it is apparent that simple instruction (demonstrating and explaining) in climate change science, though improving knowledge, is not sufficient to provide a complete overview of climate change science and, more importantly, does not adequately cover the interdisciplinary aspects of this subject. In addition, simple instruction does not establish a basis for opinion cultivation as students are talked ''to'' rather than ''with.'' Essentially, using only simple instruction, educators are cementing the idiosyncratic belief systems of climate change opinion-irrespective of what the outcome may be-as they do not provide an avenue for debate, discussion, informed opinion cultivation or the development of critical thinking. It is suggested that the most effective method to improve understanding in relation to climate change-and, thereby, promote policy development through opinion cultivationis to establish lessons structured to include the socio-scientific elements of climate change and to include non-traditional methods of teaching to enhance knowledge and understanding of climate change science.
Humanity is facing one of the most formidable challenges in our history-while undergoing one of the most dynamic and rapid technological expansions of our time. We find ourselves in a period of drastic metamorphosis, a period of change that will either curb or fragment our development and heady economic growth or be the catalyst for the start of an extraordinary transformation toward a common and sustainable global future. Through education of emerging adults in climate change science, we may well find the road for mitigating future climate change we so urgently seek. We need to start expecting our students to think critically and we need to ensure our students are given precise instruction in climate change science-covering all the aspects of climate change. We need to encourage tomorrow's voting population to examine, objectively, the arguments from all sides. We need to teach our students to weigh the evidence and be willing and able to provide support for their concepts. Finally, we need collectively to define what it means to cultivate and maintain an opinion, what is the greater effect of that opinion and discuss whether there is a broader social obligation to ensure it is an informed opinion.
